Abstract The purpose of this study was to assess the clinical and radiographic presentation of young adults in the mid-term follow-up after pinning in situ for mild to moderate slipped capital femoral epiphysis (SCFE). We postulated that there was a correlation between the degree of head-neck-offset decrease and clinical and radiographic signs of hip joint degeneration. Thirty-eight young adults (average age 23.4±3.6 years old) with various grades of femoral head-neck-offset pathologies were assessed clinically via Harris hip score (HHS), Tegner-Lysholm score (TLS) and Short Form 36 (SF-36), and radiographic signs of OA were measured on plain X-ray films after a follow-up of 11.1±3.8 years. We conclude that clinical and radiographic signs of joint degeneration appear early in the follow-up after SCFE, but there is no linear correlation between offset-pathology and joint degeneration.
Introduction
Most premature osteoarthritis (OA) of the hip joint is a sequel of acquired or developmental hip disorders such as developmental hip dysplasia (DDH), Legg-Calvé-Perthes disease (LCPD) or slipped capital femoral epiphysis (SCFE). In SCFE, a direct correlation has been presumed between slip severity and patient long-term outcome with less favourable results for patients with more severe deformity [1] [2] [3] . OA due to SCFE is reported to develop in up to 41% of the cases [4] .
Specific disease-and treatment-related complications of SCFE include chronic loss of range of motion, secondary degenerative OA due to femoroacetabular impingement (FAI) and other biomechanical parameters, avascular necrosis of the femoral head, chondrolysis and surgery-related complications such as metal failure or migration, infections and fractures.
The reduced head-neck-offset as residual deformity of SCFE may lead to a transmission of abnormal force patterns through the femoral head/neck junction and the acetabular rim which is prototypical for the cam type of femoroacetabular impingement (FAI) [5] . Subsequently, functional limitations, articular cartilage damage and premature OA may occur [6] [7] [8] [9] .
In our study we reviewed the clinical and radiological outcome of young patients in the intermediate follow-up after pinning in situ for mild or moderate SCFE. For comparative analysis, the study cohort of 38 patients was subdivided according to the degree of femoral head-neckoffset pathology. We postulated that there was a correlation between the degree of reduced offset and clinical disability (hip range of motion, Harris hip score, Tegner-Lysholm activity score, Short Form health survey SF-36) and radiographic signs of OA (Tönnis grade, minimal joint space width at the weight bearing zone).
Materials and methods
This study was approved by the local ethics committee for medical studies and informed consent was obtained from all patients.
Study population
In a retrospective study, the databases of two adjacent orthopaedic hospitals were screened for patients who had been treated for mild (slip angle <30°) or moderate (slip angle 30-50°) SCFE by pinning in situ and prophylactic pinning of the contralateral hip. Prophylactic pinning of the unaffected contralateral hip joint was performed on a routine basis as standard clinical guideline in the two institutions. Exclusion criteria were age less than the legal age of 18 years, a follow-up period postoperatively of 20 years or more, further hip surgery other than pinning in situ and hip diseases other than SCFE. Regardless of the presence of symptoms, a total of 38 adult patients (25 males, 13 females; mean age at follow-up 23.4±3.6 years, range 18.1-30.5 years) who were treated surgically between 1990 and 2005 could be included in the study. The mean follow-up after pinning in situ was 11.1±3.8 years (range 3.6-19.5 years) and mean age at surgery was 12.2± 2.1 years (range 6.8-17.4 years). Bilateral hip joint involvement was present in nine patients, leaving 29 contralateral hip joints as a clinically and radiologically healthy control group for range of motion assessment.
Asymptomatic and radiographically normal appearing hip joints of SCFE patients (control group 1) were used for ROM comparison because (1) hereby, a truly matched statistical comparison between normal and SCFE hip joints from one individual (radiographically verified) was possible (hip joint ROM varies due to constitutional parameters such as size, body weight, gender and other parameters such as training condition, laxity of ligaments) and (2) an abnormal hip joint morphology that may be asymptomatic cannot be ruled out without radiographic evaluation. For ethical reasons, however, X-rays were not obtained from control group 2. Ten bilaterally asymptomatic volunteers (control group 2) were included since functional HHS-and TegnerLysholm items such as walking ability, ability to use public transportation, level of sports activity and others cannot clearly differentiate between unilateral asymptomatic and unilateral symptomatic hip joints versus completely asymptomatic joints.
Clinical assessment
Hip function and clinical symptoms were evaluated with the Harris hip score (HHS) [10] . In addition, the activity level with regard to occupation and sports activity of each individual was graded according to the Tegner-Lysholm activity score ranging from 0 points (sick leave or disability pension) to 10 points (competitive sports: national or international elite) [11] . The Short Form health survey SF-36 was applied to measure the health-related quality of life and to elucidate the interdependence between morbidity, satisfaction, risk factors, health related behaviours, social status, age and gender on the one side and the subjective assessment of health-related quality of life on the other [12] .
Detailed range of motion (ROM) assessment of both hip joints was performed by one well-trained medical technical assistant who was blinded to other clinical and radiological parameters. Twenty-nine contralateral radiographically and clinically normal appearing hips served as a control group for ROM and radiographic assessment. Ten asymptomatic volunteers served as a control group for the HHS and Tegner-Lysholm score assessment.
Plain radiographic evaluation
An anterior-posterior radiograph of the pelvis in the standard technique with neutral rotation of the pelvis and with the beam centred on the symphysis pubis and a lateral view (Lauenstein) of the hip were obtained. Plain radiographic evaluation included Tönnis grading [13] and measurement of the minimal joint space width (JSW) at the weight-bearing zone [14] . Alpha-angle measurement [15] was performed on the Lauenstein view for femoral head-neck offset analysis. Alpha-angle values were used to classify three sub-groups: group 1, subjects with normal femoral head-neck offset (alpha angle <50°); group 2, subjects where a mild offset decrease was noted (alpha angle 50°-60°); and group 3, subjects exhibiting severe offset insufficiency (alpha angle >60°) (Fig. 1 ).
Statistical analyses
SPSS® software (version 16.0, SPSS Institute, Chicago, IL, USA) was used for all statistical analyses. Continuous data was expressed as mean and standard deviations (SD). In order to reveal statistically significant differences between the various study groups and the control group, the MannWhitney U-test (independent samples) or the Student's t-test (parametric variables, independent samples) was applied. Pvalues below 0.05 were considered to prove statistically significant differences.
Results
Out of 38 hips, eight hips (21.1%) were classified as group 1 (no offset decrease), nine hips (23.7%) as group 2 (moderate offset decrease), and 21 hips (55.3%) as group 3 (severe offset decrease). Nine out of 38 contralateral hips showed moderate or severe offset decrease; these joints were excluded from the control group leaving 29 clinically and radiologically normal appearing hip joints as controls. With regard to radiological evidence of OA, Tönnis grade 0 was documented in nine hips in the group of non-affected hips (9/29), in no hip in study group 1 (0/8), in two hips in study group 2 (2/9) and in one hip in study group 3 (1/21). Tönnis grade 1 was documented in 20 hips in the group of non-affected hips (20/21) , in eight hips in study group 1 (8/ 8), in seven hips in study group 2 (7/9) and in 20 hips in study group 3 (20/21). The minimal joint space width in the weight bearing zone was 3.2±0.6 mm in the group of nonaffected hips, 3.6±0.5 mm in study group 1, 3.3±0.7 mm in study group 2 and 3.4±0.5 mm in study group 3. There was no statistically significant difference between the four groups concerning Tönnis grade of OA or minimal joint space width measurement (p>0.05).
Detailed information on range of motion measurement is given in Table 1 . Note that there is no statistically significant difference between the different groups of offset decrease and the control group of 29 non-affected contralateral hips. Internal rotation in 90°of hip flexion is reduced to 22°in study group 3, but statistical significance was not reached.
Mean values and range for the HHS items for pain, function, the overall HHS (HHS sum) and for the TegnerLysholm score are shown in Table 2 . Statistically significant differences were noted (p-values ranging from <0.001 to 0.035) for the HHS item pain, HHS sum and TegnerLysholm in all three study groups compared to ten healthy volunteers. Results of the Short Form health survey (SF-36) questionnaire for the whole study group and for groups 1-3 in comparison to normative data for the German population (male, ages 20-29 years) are provided in Table 3 . We found considerable differences between the study groups and the normative data for physical functioning (PF) and role physical (RP). However, no significant differences were noted for the remaining parameters.
Discussion
The reduced head-neck-offset as residual deformity of SCFE is prototypical for cam-type femoroacetabular impingement (FAI) [6, 8, 9 ] that may cause pain, disability and early hip joint OA. The risk of developing OA has been reported to correlate with the grade of residual hip deformity [1, [16] [17] [18] . However, the exact mechanisms of hip joint damage and degeneration are still far from being understood, and patients with severe offset decrease due to SCFE may do well even for decades whereas patients with minor hip deformities may develop early OA.
In this study we compared clinical and radiographic findings of 38 young adults with various grades of headneck offset pathologies in the mid-term follow-up after pinning in situ for mild or moderate SCFE. We classified the offset decrease as a consequence of SCFE into three different groups and questioned whether or not there were significant differences between the groups with respect to clinical or radiographic parameters.
In this series signs of mild radiographic OA were found in 92.1% (35 hips) of the affected hip joints. However, no statistically significant difference was noted between the different grades of offset decrease. Interestingly, in 68.9% (20 hips) of the non-affected, prophylactically stabilized hip joints there were also signs of mild OA. We observed no difference in terms of minimal joint space width in the weight bearing zone comparing the different study groups. Fig. 1 Three groups of offset decrease of the femoral head/neck junction in the follow-up after slipped capital femoral epiphysis (SCFE) according to the alpha-angles (Nötzli [15] ) assessed in the lateral (Lauenstein) view of the hip. a Group 1, no offset decrease, alpha-angle <50°. b Group 2, moderate offset decrease, alpha-angle between 50°and 60°. c Group 3, severe offset decrease, alpha-angle >60°I nternational Orthopaedics (SICOT) (2011) 35: [1295] [1296] [1297] [1298] [1299] [1300] [1301] Furthermore, in contrast to our expectations, we found that the group of affected hips had a slightly higher mean joint space width (3.4±0.6 mm, range 3-5 mm) compared to the contralateral, normal appearing controls (3.2±0.6 mm, range 2-5 mm). This finding may be a result of a systemic co-factor of the disease or just show the limits of these measurements, but there might be a geometric change due to the slip of the epiphysis leading to an apparently larger joint space. Additionally, radiographic assessment may not reflect the precise damage to the articular cartilage [19] . There was no statistically significant reduction of any motion amplitude within the study groups when compared to the healthy, normal appearing controls (Table 1) . Even in hips with severe offset decrease, there was only a trend towards impairment of range of motion that did not reach statistical significance. At least for the group with severe offset decrease we expected a painful restriction of internal rotation in 90°of hip flexion which is pathognomonic for patients with symptomatic FAI [20] . The Harris hip score revealed excellent results for the study group of 38 affected hips (HHS sum 91.9±10.2 points, range 60-100 points). Statistically significant differences were noted (p-values ranging from <0.001 to 0.035) for HHS items for pain and the overall score values (HHS sum) in all three study groups compared to ten healthy volunteers (Table 2) . With regard to occupational and sports activity using the TegnerLysholm activity score, there were statistically significant differences in all groups of deformity in comparison to the healthy control group. The fact that even the group with no offset decrease and low pain level reached significantly lower scores in the Tegner-Lysholm activity score raises the question of what precluded the patients from pursuing sports more intensely. However, interpretation of the Tegner-Lysholm score, which was developed for the short-term follow-up after ligamentous knee injuries, might be problematic in the longer-term follow-up after SCFE. Also, higher activity levels may even contribute to earlier OA due to overloading of the SCFE hip.
There were remarkable differences between the study group patients and the corresponding normative data regarding the items physical functioning (PF) and of role physical (RP) of the SF-36 questionnaire. The other items did not show significant differences between the study population and normative data. This should be the subject of further and larger studies on how, when and to what extent young adults with a history of SCFE are impaired with EXT extension, FLEX flexion, ABD abduction, ADD adduction, IRO internal rotation in 90°of flexion, ERO3 external rotation in 90°of flexion
Values are given as mean ± standard deviation (SD)
There was no statistically significant difference in ROM between the groups and in comparison to the healthy opposite hips regard to psychological, social, physical and everyday life components of well-being and function as perceived by the SF-36 questionnaire. Our data are to some extent comparable to findings of other studies. At a mean follow-up of 41 years, Carney and Weinstein [21] noted evidence of joint degeneration in 63% where mild epiphyseal slip was evident at surgery and degeneration was apparent in all hips with moderate and severe epiphyseal slip. Hägglund et al. [22] noted OA in 24-53% at follow-up of 28 years after pinning in situ in 157 hips. Jerre et al. [23] assessed the range of motion 32.7 years after various forms of treatment in 128 hip joints after SCFE and noted no significant loss of motion except for some loss of internal rotation compared to normal hips; this was not statistically significant. Ross et al. [17] reported that many patients did well in the first two decades after SCFE but that symptoms increased and function decreased thereafter.
Contrary to studies that aimed at investigating the outcome of different modalities of treatment for SCFE, in our study we compared the intermediate clinical and radiological presentation of young patients all treated by pinning in situ, regardless of the presence of symptoms. We expected the presence of symptomatic femoroacetabular impingement, pain, loss of function and early osteoarthritis at least to some extent in patients with significant offset pathologies (group 3). In this cohort of 18-30-year-old adults, we found excellent results as measured by the Harris hip score (average, 91.9±10.2 points). There was no limitation in the range of motion but in contrast we found radiographic signs of mild OA in 92.1% of the affected and 68.9% of the contralateral hip joints. We speculate that the radiographic findings are early signs which do not lead to clinical symptoms at this time. The same cohort will be followed for another decade. At that later period the correlation of clinical and radiographic measurements might be different with more symptoms from more progressive degeneration.
The results of a large cadaver study performed by Goodman et al. [24] showed that the contribution of subclinical SCFE to the development of primary OA of the hip joint was only 8% and that in only 37% of these cases, grade 2 OA developed. These results imply that even in the presence of predisposing factors such as a reduced head-neck offset, other thus far unknown factors might be more important as main aetiological factors in the pathogenesis of OA.
It remains contentious whether or not and how anatomical deviations due to SCFE predispose to the development of early OA and whether or not "prearthrotic deformity", "tilt deformity" or "pistol grip deformity" are a sequel of SCFE or rather degenerative changes in later adulthood. Today and with respect to the femoroacetabular impingement, the question of how to surgically treat SCFE and/or residual hip deformities after SCFE is still vigorously debated. In a classic report, Leunig et al. [6] suggest that degenerative hip disease in children with SCFE can be triggered by early mechanical damage of the acetabular cartilage, and that FAI and long-term deterioration increase with the extent of deformity. In our study we found that in young people, the outcome after mild and moderate SCFE might be favourable even in the presence of severe offset pathologies and that in contrast radiographic signs of early OA may develop in hips without any anatomical deformity.
Other biochemical or biomechanical factors such as shear stress to the affected and to the opposite hip that contribute to the development of OA may be at work and need further investigation [25, 26] .
Our study and other data raise the question about the pathomechanisms of labral and cartilage damage after SCFE. Additionally, a major factor for successful hip joint preservation is the extent of irreversible cartilage damage prior to surgery [5] . As a consequence of our findings and controversies in the literature [3] , there is a need for the implementation of new and more sophisticated magnetic resonance imaging techniques that are sensitive to biochemical changes within the joint cartilage such as delayed gadolinium enhanced MRI of cartilage (dGEMRIC), which might have the potential to further enlighten the interrelation of hip deformity, cartilage degeneration and the development of OA.
Using plain radiographs instead of radial MRI images to stratify the study cohort into three different groups of offset pathology might have biased the comparison analysis due to the decreased accuracy of alpha-angle measurement [27] .
Another limitation of this study was the relatively small study cohort and the wide range of the follow-up period which might be a confounding factor in clinical presentation. On the other hand, the individuals were assessed regardless of the presence of symptoms, which excludes the risk of only analysing a subgroup of patients who are followed because of a symptomatic course after SCFE. However, our findings correlate well with previously reported studies on the mid-term outcome after SCFE.
The findings of this study in the intermediate-term follow-up after SCFE might be summarised as follows: (1) There is no linear correlation between offset-pathology and joint degeneration; (2) Radiographic signs of mild OA develop early in all groups of offset pathology in the affected hip as well as in the contralateral hip; (3) Range of motion remains within normal range for a long time; and (4) Signs of hip joint degeneration manifest early using clinical scores such as the Harris hip score, Tegner-Lysholm activity score or SF-36.
